Background: Many patients experience impaired cerebral oxygen delivery secondary to vasospasm and delayed cerebral ischemia following aneurysmal subarachnoid haemorrhage (SAH). Anaemia is common after SAH affecting up to 50% patients, which may decrease cerebral oxygen delivery and is associated with worse clinical outcomes. Transfusion of allogeneic red cells increases the oxygen content of the blood but it not consistently associated with improved physiologic markers of clinical outcomes. The threshold for transfusion is not clear in patients with SAH. A recent survey found that most physicians would alter their transfusion threshold in SAH patients who develop delayed ischemia. The objective of our study is to identify the predictors of transfusion and to determine if the diagnosis of delayed ischemia increases the transfusion rates in patients with aneurysmal subarachnoid haemorrhage.
INTRODUCTION
Anaemia is common after subarachnoid haemorrhage (SAH), occurring in up to 50% of patients and is associated with worse outcomes, including delayed cerebral ischaemia, cerebral infarction, death and functional dependency. [1, 2] Clinical vasospasm (VS) after SAH occurs in about 30% of the patients who survive the initial aneurysm rupture and is associated with poor outcome, accounting for about one-quarter of attributable disability and mortality from ruptured aneurysms. [3] The association between anaemia and poor clinical outcomes is consistent across all patients with SAH, although is more pronounced in those with more severe disease. [2, 4] As haemoglobin (Hb) level is a major determinant of blood arterial oxygen content, it is hypothesised that treating anaemia with packed red blood cell (PRBC) transfusions may decrease the degree of cerebral ischemia by increasing the blood oxygen carrying capacity. The benefit of PRBC transfusion in these patients remains uncertain, and studies addressing the role of PRBC transfusion in patients with SAH have produced conflicting results. [5, 6] Physiologic studies have shown an increase in cerebral oxygen delivery and brain tissue oxygen tension but the effect of this on brain metabolism is not clear. [7, 8] Physiologically the resulting rise in cerebral oxygen delivery attained by raising Hb levels may be offset by the associated increase in blood viscosity with resultant decrease in CBF. [9, 10] However, increased oxygen carrying capacity does not imply oxygen unloading and correction of tissue hypoxia as transfused blood often has very low 2,3 DPG, which make the unloading of oxygen difficult. [11] In addition, transfusion may reduce levels of endogenous vasodilators such as nitric oxide [12] and have pro-inflammatory effects, which could worsen the degree of arterial vasospasm. [13] Currently there is little information in the literature regarding the optimal Hb level to guide transfusion of PRBC. In the normal brain cerebral vasodilatation occurs with Hb <10g/dl [14] and cerebral hypoxia does not become evident until Hb is <6g/dl. [15] However animal models of brain ischaemia suggest that cerebral hypoxia occurs with an Hb <10g/dl suggesting that the injured brain has a markedly reduced tolerance for impaired oxygen delivery. [16] This is supported by clinical data showing that Hb >11 g/dl is associated with improved outcome after SAH, [17, 18] although as stated above it is not clear that increases in Hb by PRBC transfusion portend the same improved outcome as in patients with native Hb above 11g/dL. A large survey of North American intensivists and neurosurgeons found considerable variability in the Hb level that they considered acceptable for SAH patients although most said that they would lower their threshold for transfusion in the presence of VS. [19] 
Objectives
The aim of our study was to identify the clinical factors associated with red blood cell transfusion after SAH and to determine if transfusion practices are affected by the diagnosis of VS in patients needing mechanical ventilation following aneurysmal SAH.
METHODS

Study design
We conducted a retrospective cohort study of consecutive adult patients with aneurysmal SAH admitted to intensive care unit and who received mechanical ventilation in our institution between April 2006 and March 2009.
Subjects and settings
We included all patients (pre and post intervention) who were 18 years of age or older with admitting diagnosis of SAH, who received mechanical ventilation and who had documented intracranial aneurysm on computerised tomographic angiography or digital subtraction angiography. We excluded patients with non-aneurysmal SAH and those who died within first 72 hours after the diagnosis of SAH.
Data source collection
The electronic patient record was reviewed for all the identified patients. The data extracted include patient demographics, grade of SAH (World Federation of Neurological Surgeons (WFNS) grade and Fisher grade), treatment of aneurysm, starting and lowest Hb levels, transfusion data, and the presence or absence of vasospasm.
Institutional management of SAH
All patients were treated according to a standard policy that included preoperative resuscitation, early aneurysm occlusion and aggressive prevention and treatment of intracranial hypertension and vasospasm. Management of SAH was consistent with published guidelines [20, 21] and details have been described elsewhere. Because Hb concentration of 10 g/l is thought to represent an optimal balance between the flow enhancing effects of a lower viscosity and sufficient oxygen carrying capacity, and because this remain common transfusion threshold, we used this level to define anaemia. [5, 22] The decision to transfuse was not made into a protocol and was made on an individual basis by the treating physician.
We defined VS as the presence of all three of the following: (1) There was a change in neurologic status not attributable to another aetiology (seizure, sedation, hydrocephalus); (2) Radiological evidence of moderate to severe vasospasm (vessel diameter narrowed more than one-third) (3) Symptoms were sufficiently severe needing treatment with intravenous fluid boluses, hemodynamic augmentation with vasopressors or inotropes or underwent cerebral angioplasty or local vasodilator infusion. [23] Outcome Outcome was the presence of any PRBC transfusion during ICU stay. We also collected data on the number of units transfused and the timing of transfusion, and whether PRBC transfusion occurred after the diagnosis of VS.
Statistical analysis
Descriptive statistics were used to characterise baseline clinical characteristics and SAH data. Student t-test, Chi-square, Fisher Exact, and Kolmogorov-Smirnov tests were used to compare continuous and categorical parametric and non-parametric data as appropriate. The candidate predictors for multivariate model were selected by screening with univariate analysis with a threshold for inclusion of P < 0.25. Multiple logistic regression was used to determine independent risk factors for transfusion. Data are reported as mean + SD, median (range), n (%) for categorical variables and adjusted odds ratio [AOR; 95% confidence intervals (CI)]. Statistical significance was defined as a P ≤ 0.05.
The study protocol was approved by the research Ethics board of the institution.
RESULTS
During the 3-year study period, 298 patients were admitted to the Intensive care unit with a diagnosis of SAH of whom 100 patients met the inclusion criteria. Four additional patients were excluded due to incomplete data, resulting in a final study cohort of 96 patients. Baseline characteristics of the study cohort are shown in Table 1 .
Anaemia and transfusion
Hb concentration <100 g/l were observed in 64 (67%) patients of whom 27 (28%) were transfused a total of 48 units of packed RBC (average 1.8 units/patient) with a mean pre transfusion Hb concentration of 69.8 g/l. Baseline characteristics of patients who received transfusion are shown in Table 2 . The median Hb values of patients who had transfusion and who didn't had transfusion were 75 and 82 g/l. Transfused patients were more likely to be female, have severe baseline neurological dysfunction (WFNS 4 or 5) or large amount of blood on their CT scans (Fisher grade 3 or 4) or have developed VS.
Vasospasm, anaemia and transfusion
Incidence of VS was 39% (38/96). Anaemia was more prevalent in the patients who developed VS than those without VS (84% compared to 53%, respectively). Transfusion rates were higher among the patients with anaemia who developed VS (36%) than those who did not develop VS (22%). There were no differences in the Hb values before PRBC transfusion between groups (68.5 g/L in patients with VS vs. 70.3 in patients without VS; g/L; P = 0.57). Out of 14 vasospasm patients who received a transfusion, 11 had transfusion after the onset of vasospasm [ Table 3 ]. Following univariate screening, gender, WFNS grade, Fisher grade and the development of VS met criteria for inclusion in the final multivariate model. None of the covariates was independently associated with transfusion. Presence or absence of VS was not found to be independently associated with transfusion [ Table 4 ].
DISCUSSION
We report a retrospective cohort study evaluating transfusion practices in a sample of critically ill patients with SAH. We observed that anaemia is common patients with SAH who were admitted to ICU, needing mechanical ventilation. Presence or absence of vasospasm did not increase the transfusion threshold as measured by pre-transfusion Hb. However, 78% of transfusions in patients who developed vasospasm happened after the diagnosis of vasospasm.
Anaemia in SAH
Anaemia is common in patients with SAH and the aetiology is likely multifactorial. [1, 24] The development of anaemia has been independently associated with morbidity and mortality even after controlling other confounding factors such as age, grade, vasospasm etc. [25] It is not clear whether anaemia is a marker of disease severity or the low Hb concentration itself contributes to worse outcomes. [26] Poor clinical grades at presentation is one of the risks for the development of anaemia. [4] However, the degree of anaemia and severity of haemorrhage does not have direct relationship. [17] High grade SAH is often accompanied by more systemic inflammation contributing to the anaemia of inflammation. [24] In addition, intravascular expansion with colloid and crystalloid might lead to dilutional anaemia. [26] Studies have shown that anaemia or large reduction in Hb are associated with infarction, dependency and death and this may be due to delayed ischaemia, multi-organ failure and other complication. [4, 25, 27] Transfusion trigger in patients with SAH varies. First there is variability in the provider's beliefs. A large survey of North American Intensivists and Neurosurgeons found considerable variability in the Hb level that they considered acceptable for SAH patients although most said that they would maintain a higher Hb concentration in the presence of DCI. [19] Interestingly, neurosurgeons were more willing to transfuse than intensivists. While this information gives us some valuable insights into how these patients might be managed, it does not necessary tell us what happens in practice. It is likely that practical decision-making relating to transfusion may be different in real situations, may be influenced by the rest of the health care team and may not always be made by specialist physicians. The Transfusion Requirement in Critical Care (TRICC) trial supports the use of a restrictive transfusion approach in critically ill patients in general but concern remains that such a conservative strategy may not be appropriate for patients at particular risk of end organ ischaemia, including those with impaired cardiac and cerebral oxygen delivery. [28, 29] Our cohort group consisted of patients with aneurysmal SAH who were admitted to ICU. Patients who are of higher grade of SAH are usually admitted to ICU, needing mechanical ventilation. These patients are at higher risk for vasospasm and also have high incidence of anaemia. [3] This might limit generalisability of our observations to other population and in comparison to the published literature, where many prior studies evaluating anaemia and transfusion practices in SAH have included both critically ill and less sick patients. [4, 5, 18, 30, 31] Our study cohort consisted of a high proportion (more than 75%) of patients with WFNS Grade 3 and 4. This group is unique in that they have high incidence of vasospasm. Incidence of VS after SAH is reported to be around 20-30% and in our cohort it was around 38%. [3] In spite of variability in transfusion triggers, the percentage of patients transfused and amount of blood transfused is more concerned. Across the various studies, transfusion rates were around 27-61% and average transfusion around 2-4 units per patient. [5, 18, 30, 31] Our present study also had similar rates. One previous study has shown higher transfusion in patients with VS (72% when compared to without VS vs. 22%); [2] however in our study, the transfusion rates were similar in patients with or without VS. The differences might be due to the fact that Kramer et al., study population was quite heterogeneous with majority of patients in their study cohort consisted or good grades of SAH (grade 1or 2). [2] 
Vasospasm and anaemia
There is a complex relationship between anaemia and vasospasm in patients with aneurysmal SAH. Studies have shown that both lower mean and nadir Hb have been associated with development of radiographic infarctions and VS. [17] However other studies have failed to support this finding. [4, 5] In addition, the management of vasospasm typically involves intravascular volume expansion with crystalloid and colloid, which can lead to the development of anaemia. [26] In our study the incidence of anaemia was 84% in patients who developed vasospasm.
At the same time, correction of anaemia with transfusion of packed cells has failed to show improved outcomes, and packed cell transfusion has not consistently been shown to improve brain oxygen tension. [11] There are good theoretical reasons to maintain a higher Hb after brain injury; there is variability in the response of brain tissue oxygen (PbtO2) to PRBC transfusion. [7] Even when PRBC transfusion improves PbtO2, it is not clear whether this improves brain metabolism. [32] Transfused blood may be deficient in or may scavenge endogenous vasodilators such as nitric oxide, contributing to a failure of the normal mechanism that match microcirculatory oxygen supply and demand. [33, 34] This is important in SAH because reduced nitric oxide availability has been thought to play a role in the pathogenesis of vasospasm. [34] Further, transfusion has been associated with other short term and long-term complications. [4] Studies have suggested an association between transfusion and the development of vasospasm, but there is a little evidence for the causal relationship. [5] Most of the studies looking into outcomes after transfusion suffer from major methodological limitations. [35] Studies have shown that both anaemia and blood transfusion influenced outcome independently of each other. [4, 18, 30] 
Study limitations
The most important limitation in this study is in the retrospective study design. We were limited to the data recorded in the patient chart. This is also a single centre study and care was not protocolised. Even though we did not include every single clinical variable potentially representing an indication for PRBC transfusion, we did include those most commonly encountered in our clinical practice. Furthermore, relatively small sample size limits the power of the study practice. Transfusions were ordered at the discretion of the clinical teams, and we couldn't exclude the role of individual variability and/or inter-physician heterogeneity.
CONCLUSION
From our retrospective review, we conclude that the incidence of anaemia is higher in patients with vasospasm. Sex and starting and lowest Hb levels were the only predictors of transfusion likelihood in aneurysmal SAH while presence of vasospasm was not.
